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0 Loading and controltod r^ioaaa of amphlphatle molaeutM to and from tlpoaomaa. 

0 Tha praaant invantlon raiataa to an improvad franamambrana loatfng procadura tor affleiant loading of 
amphiphatic dniga into Ipoaomot uaing M fra na mam b rana gradlant of ammonium and erf pH. Tba rasutting 
uposomas loadad with tha drug ara atabia and tafa. Tha procadura ia aquafty ap pic a bta tor suttainad raiaasa of 
B po io m a a n ca pa ut at ad drugs. Tha Ipoaomaa may ba uaad in uRraaound imaging to rataaaa CO3. 



XMCflOvCM* 


EP 0 361 894 A2 


LOAOtNQ AND COKTTtOLUD RELEASE OF AMPHIPHAT1C MOUCULfiS TO AND nOM UPOSOMES 


The Dr«s«m invention r«lmM to « trinsm«mbran« loading procadur* for loading of amphtphatic drugs 
and chamicais into liposomes using tha transmambrana gradiant Tha procadura is aqually appiicaPia for 
sustainad raiaasa of liposoma ancapautatad druga, 

Currandy. bom eonvantionaJ or nonphotpholipid Hpoaomas ara rapidly bacomtng accaptad as phar- 
s macauttcaJ agants wftich improve the tharapautic activity of a wide vahaty of compounds and provide a 
convenient drug dalivary system. Lipoaome dnjg delivary systama ara reviewed in detail in Cancer Res. . 
43:4730 (1983). Pharmacol. Rev., 36:277-338 (1984). Upoaomas aa Drug Gamers, Qregoriadis. Q."Ed?. 
Wiley. New York (1988). 

Liposomes are suitable dattvery vehicles for parenteral, peroral, topical and Inhalation administration of 
10 dnjgs. Liposomes may improve formulability, provide prolonged relaasa. improve the therapeutic ratio, 
prolong the therapeutic activity after each administraiion and reduce the need lor frequent administration, 
reduce the mourn of dnig needed and/or abaorbed by the mucoaai or other tiaaue. 

Loading of the drugs into Hpoaomas has proved to be a measure of their utlBty. If there is a poor 
loading, there is a great loss of the active drug and the use of Ipoaomea aa the pharmaceutical vehicle 
rs becomes u neconomical. In recent years considerable effort has been ded ic a t ed to development of systems 
for various methods of loading of drugs and biological materiala Into ipoaor^e a . Pharmacol. Rev. . 36: 277- 
336 (1984). Upoaomes as Oruj Carriers . Qregoriadia. G. ad. Wiley. New York, (19H)! 

So far, several methods have been developed fbr Hpoaome drug loading. The simplest method of drug 
loading is a passive enftvpment of water soluble ^ in the dry fipid film by hydration of Hpid components. 
90 The loading efficiency of thta method ia generally low because it depends on the entrapping volume of the 
ipoaomea on the wnount of Ipids used to prepare them. Chem. Phya. Upida, 40:333-345 (1986). and 
Methods in Btochemical Analysia. 33:337 (1988). D*sadv«itag5^ this method are the low entrapment 
heterogertebus size vid the need for secondary processing steps such as extrusion or sonication. Improved 
paaatve entrapment of a drug into Ipoaomea haa been achieved by uaing dehydratwo-cehydration method 
M were performed Iposomea ara added to an aoueous solution o« the drug and tha miseture ia dehydrated 
either by lyophilUation, evaporaikan, or by f^ee»Hhaw proceaaing method involving repeated freeing and 
thawing of mUtilwneiar vosicles which improves the hydrrton and hence increaaes a toading. Disadvan- 
tages of these methods ara heterogeneoua size. dMcuft standardlzstton and tow reproducibility. 

Higher effWency of drug entrapment into Ipoeomea may be achieved by uaing high Ipid concentration 
» or by specific combinatkjn of Ipid compone n t s . For exampie. an amphiphatic amine doxorubicin may be 
encapaulated more efVteientty into Ipoaome m embrane a containing negatWe charge. Cancer Res. . 42: 4734- 
4738 (1982). However, in general the drug loading remains a problematic iaaue. 

The efficiency of drug loading into Upoaomes depends alao on chemical properties of the drug, m 
general, water soluble or Ipid soluble drugs ara easier to deal with since the Ipid sokibie compounds easily 
m i nco rpor ate into the ipid bttayer during the Ipoeome tormatfon and the water soiuble compounds interact 
wim the poiv heed group of phoaphoipids facing Mde of Ipoeome and are therefore aequestered inaide 
the ipoeomea. AmpWphatic conw*^ on ^ «^ «• ^ » ****** ^ 

Ipoaomea aa they e» rabidly permeate through and do not bind to Ipid bilayers. 

One propoeed method o< loading amphiphatic moiacuiea into ipoaomea. deecribed in Chem. PhyS; 
40 Upida. 40'.333-346 (1988). ia drug toading in loaponse lo the ton pH gratfent by an aeeunutation of the 
vnpiSphatic drug into Ip oeom ea when their internal pH ta tower than the external medium pH. 
•U)0noV«iO 87/01401. Had Jtf» 18, 1968 deecrlbes aaymmetrical Ipoeome vesides containing tonizabie 

* ipida or tonixM proteina m«3e in VI aoueous environrnem or conMM pH. then exp^ 

medhxn of a raiatKeiy more abdto or roiath^ more baaic pa 
m Loedbig of v^Nphatic ^ugs into the I poeom ea , daaolbed in the J. Btol. Chem^ 280402«808 (1985), 
uttiaee 9ie a wm amprw Na*/K* gradtonta. improved toeding of tocallneathATSEucaina was observad 
only when bom aodU*n »d potaasium tens were ueed and up to ibout 52% toedtoig waa atf^ 
aodiiffVpocaasium Radiant waa «SL>lcombin*to..«^ Valnomyctn la towwn inaactiode. 

namatocide vtf b a cteri ci de aa wefl aa jonoohore and ia thiia not d eai rabie additive to pharmaceut)cai 
so formulattons. The method of paasive entnpment of the antlneopiattic drugs into the Iposomai vesides. 
described in Biochim. Biophys. Acta. 818494*302 (1988) uees the uptake of the dn«gs into the ves>cies m 
response to a vaiinomyon^dependent K* dHfuaton potential. 

Another method of toading of ampMphattc dnjg adrtamycin into ipoaomal veaictos. described in 
Biochim. Btophys. Acta. 857:123-128 (1988). is m uptake of the drug into the Ipoaomea In response to the 
pM gradient This method would seem to be a raaaonably eflteiem for toadbtg Knottarthefactthatrtis 
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ptftormtd in unphy»o*ooictJly abdJc pH and in tht prtsanct of th* strong KOH. both of whicn causa 
tne Gptd hyOroiysis. AJso. th« obtained tiposome-drug vtsicits ara unataM and around 24 houn suffar from 
a substantial laakaga of tha drug. 

PCT/usesOi50i fiM on August 7. 1885. dMcribas aocapsulation of antinwustic agents into 
; 5 ttposomes by passive loading, via transfnembrane potential, of Upoprtlic ionizao»e antineoplastic drugs 
wfticn can exist in a charged state when dissolved in an aqueous medium. The proton gradient is 
established by first trapping (paaaively) a low pH buffer and then raiaing the external pH by adding the 
base. The transmembrane potential is ac hi eved by sodium/potassium chemicai gradient in the presence of 
valifiom ydn. The loading is temperature dependent and the best results are achieved at the temperature of 
TO fiS'Cr""^ 

A high ertcapsulation of method for loading water soluble drugs in Uposomes has recently been 
described in U.S. Patent 4.752.425. However, the diaadvantage of this method is that it is based on passive 
entrapment at high Kpid co n cen tr atio n. 

Key disadvantages of all theae methods are a prolonged exposure o< the liposomal Npids to a tow pH 
19 environment leading to Hpid hydrolysis which causes the drug leakage from liposomes, high lipid concentra- 
tion, the long period of time and elevated temperatures required for loading, and stability problems. 

The current invention provides simple, fast stable, economical, safe, and efnoent system tor Kposom 
drug loading M controlled suatairied time release by creating of «i ammonium (NH* *) gradient between 
two sides of a Bpoaome veaide mem b rane. The system ia not method dependent i.e. all methods of 
K liposome preparation and all types of Mpo so me a may be uaed in practicing thia invention. The system is 
also useful for uftraaound imaging by uaing ammonium gradient in Kpoeomes as a source of hyper- 
e ch oge nic COs which enh an ces ultrasound innaging. 

One aapect of thia invention ia a aimple, safe, fast stable. efAbent tn6 economical ammonium 
transmembrane gradient system for loading of amphiphatic drugs into liposomes Mid for thetr controlled 
K sustained time-reieaaa. 

Other aspea of thia invention ia the system wherein the loading of the amphiphatic drug into liposomes 
is dependent on NH«* and pH gradients behveen the internal and external aqueous phases of the liposome 
veaides. which gradients are erealed by tonning Bpo ao me a in ammonium aoMion. by subsequent 
ammonium removal from or dilution in the external aqueous phase of the Ipoaomes which aeates an 
so outflow of neutral ammonia, according to created ammonium gradient from internal to external aqueous 
phase, thus creating reverse, from outside to inside. pH gradient by accumutatton of protons left behind by 
ammonia in the Mmal aqueous phaae. An influx of deprotonated amphiphatic drug to Ipoaomes according 
to pH gradient ia replacing departed amrrtonium. 

StiB another aapect of this invention is* the utiization of ammonium gradient in Kpoaomes to generate 
36 CDs for uttraaound imaging. 


PgTAILED DESCRIPTION OF THE INVENTION 

40 

Brief Description of Drawing 

figure 1 d escribes an enuap<T>enl of the drug In ammonium sulfate co nta ining Ipoaomes. 
4S Figure 2 ttluatrates the effect of dMibution of ammoniian sulfate between the intamai and external 

aqueous pftaaea of the ipoaomes on 9te pH gradient 

Figure 3 ittusfrates the kinetics of the dnjg loedbig into ammonhan suttata Ipo ao me s . 
Figure 4 IBuatrates the release of the drug from the ammoniun sutfate I p o ao me s . 
figure 9 tiluatratea a generation of COi gaa uaing ammonwrn oradtont in looeomea. 

90 

Dttailed Deecription of m e Preparations 

The novel system tor leading of amphiphatic drxjgs into Ipoa ome s and the subsequent controlled 
release of the drug from the Ipoeomes ia baaed on the tormation of ammonium (NK*) gradient between 
sa the internal and external aqueous phaae of Ipoeom es . The ammonium gradient is formed by removing 
ammonium from or by diluting ammonium in external aqueous phase according to desired rate of loading or 
releaae of amphiphatic molecules. Such removal cauaes a higher concenMon of ammonium in imemai 
phaae than in external phase. Higher co n cenuaOon of ammonium m the equeoua phase inside the 
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Hposomts cium diffusion of neutral ammonia molaculas NHj from itm intamal to tha axtamal madium. For 
avary NH, molacuia wt^ich iaavas tha fiposoma, ona proton ia laf! baWnd. Thus, a pH gratfant is tormad. in 
which tha intamal aquaous phaaa of tha Bpoaomaa is mora acidic than tha axtamal madium. Tha fnagnituda 
of this gradiant is datarminad by tha ratio (NK4')oot/(NH4*) in. 

Tha wMk amphiphatic compound ought to ba abta to parmaata nonnaity nonparmaabia mambnna rt 
tha systam can ba craatad having a highar. mora alkalina pM outaida than insida of tha Bpoaomas. Such 
systam will naturally try to aquiHbraia, i.a. to achiava tha aama pH inaida u outaida. Whathar or not such 
pM aquilibratjon ia poaaibla or how faat tt wlU happan, dapanda on tha chamical propartias of tha mambrana 
saparating Kpoaomaa Intamal aquaous phaaa from axtamal aquaoua phaaa and on tha madium composi- 
tion. Upoaomas, by virtua of thair Ipid bilayars, praaant an optimal mambrana barrtar naturally raaisting 
such aquiUbration. m by thamsalvas. Hpoaomaa may ba formad in an appropriate madium such as 
ammonium aulfata of-wWch a portion will become, in a aenae. encapauiated m Iposomes, thus forrning the 
•mmonium sulfate containing Bpoaomaa having certain moer pH. Thia pH wiH depend on the difference, 
between the amount of loaded ammonium aulfafia inaide M Bpoaomaa and between of ammonium sulfate 
outside of Bpoeomea. » the outaide wd inaide amounts are the same. pH in bo<h ia identicaJ to the pH of 
ammonium sulfate soWon or a> the pM d the buffer/ammonium sulfate If the buffer ia added to the 
•mmonium sulfate. If however, the outaida ammonium sulfate is aubatituted cttrted. or exchanged, with 
differem aalt the inside of Bposomes react quiddy by changing pH toward the abtfc side. 

m the Bpoaomaa, mmonium aulfata wiD tfasociate inio autrate anions and ammonium cations which will 
» further disaociata to neutral ammonia and proton (H*). Neutral ammonium which is freely P*"']^ 
through the BpoaomM membrane c»» be. in the practice of this invention, exchanged for another 
«mpou^ such as any .nphiphatlc daprotonated drug. Such dnig win permeate into the Bpoaomas and 
the free proton remaining after departure of ammonia wlB attach to It m th* way the drug will become 
orotonated *id wifi not penneate out o* tha Bpoaomaa until the reverae pH gradient srtuaiion occurs 
« whereby «wi« be dlaaociated in the Bpoaomee into the protons 

to penneate out of the Bpoeomea. ^ ^ ^ 

By creating ammonium gratfem fnxn inaide to outaide of Ipoaomea by lowe^ 

outaida. the inaide ammonium win parmeato to the outaide to try to acft^ 

eqwBbriun and wiB thua creato. by removing arnmonia and 

so with pH lower inaide Of Bpoeomea. ThiawiBreaua in teadb^g of any avaitawa 

BpoaSne membr^to is parmeebie and wt«t may be deprotonatod. 

moiecmes wiB depart from tha Bpoaomaa. the same number oT amphiphabc drug molacuies. provided by 
the outside miBeu. wiB entor the Bpoaornes In exchange tor departed anwwnium. Therefore^ 
depnvtonated fom. cepable of permeating the Bpoeome membrane, and preaant in tha outSKla miBeu. «n 
m be effWentfy teadad into Bpoeomea by «a pnxedure. to the Bpoeomea. the d^ 

therefore wpped and cannot M reaulting in accumulation d th ajweafc amphiphatas insxsa the Bpoaomas. 
Tha system of creating ammonium gradient is ifciatrated in Scheme 1. 
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iwmoniwm »k) proton H* carting to lh« KX^ne 1. Tht M i« IM anuMohaie molteule possaumg , 
'wenng we such as. ter •ismpis, a primsfy smino group shewn in ths sehsmc. 

linJL'l* •'•y • «ul>st«nti«l md oiMsunM sinoum of .Mk ■mphiphuie Onigs on tM imom into 

»«^ e«. b. m«n<pui.M and th«r r^u. from Spo«>ne «n be 
^ fl'*^'*" * » «• SP*«» co«,posn>on of the 

ST JT^^ the o» the Spid bilsyer. The pH grw^ form*) c«i ee used to control both me 

^^^i^J^Jia^-^ •mphipnaic drugs from Rposomes. This gr«li«« seives u • pnjtonmotive force 
for the kwding of amphiphue dn« and in reverse u a force tor release of the drug. 

This method represents an Improvement against other simitar gradient loading mothods in that it is 

" '^'^ *^ "^^^ « «»bl6 for more 

dehydr«lon or other method of preservation, it the lipid 

TZ^'^^IT^:^ the high pM or high temperttures, h is economical in that it use, only mo 
f!?!!rjll'^^'^ aowon^ern. safe in that ia uees neutral ammonium sulfate 

gradient wffixxit need tor any harsh adds or baaes and effldent in that It allows encapsulation into me 
Bpoaomea of almost 100 % of the eneapaulaMe drug without any teas due lo Vw need lor tfte free drug 


A system crMting a pH gradient between the inside and ouiMe of Iposomes relies on the entrapm nt 
of ammonium eempoww such as hydrndde or tail such u sulfate, phosphate, carbonate, bicarbonate and 
I such ottters m the Iposome vesicles and on the exchange of the outer mnonium sulfate for a different salt 
having non-pomieable anion. Any suitable salt such as nitraia. suifaia. phoaphate. carbonate eyanate 
acetate, bensoate. bremido. bicarbonate and such others, of sodium, potassium, caltiwn. Vthium. barium' 
nwgnesium. aitmnum. nickel, copper, bromide, ehionde. iodide, fhioride and such others, but preferably 
sodium chionde or potaasium chloride and an buffers such as phosphate. c»bona». bicvtxsnate or other 
buffers commonly known and used in the an can be used in this prodess. 

By effectively removing the outside ammonium by methoda used and racogrszed In the an in particular 
by dilution, gel exclusion, dialysis, diaflltration. etc. the inner ammonium gradient ffiua created leads to an 
knmediato release from Ipesomes of a neutral ammonia and to aecumuiaten of protons inside of 
Gposomes. wnich cmuK m me aeidificailon of me aqueous phase inaide the Iposomes. Neither the hydrogen 
nor the sulphate iona M behind in the Ipoaomes lottowing me ammonium auKate dissociatksn leak readily 
wh«, lipaja of high quality are used. Moreevw. If me proper «perimmi conditions are met me 
ammonium gradient is stable tor at least two weeks or longer. 

by dilubon of me Iposome suapenaion in ammonium suKato »im solutions containing different ratios of 
•" "y^f """^ » e**" '"w"*' or aalts such as sodium or potaaaiuni chloride, cvtonata. bicarbonate 
or phoaphate buffers in soMiona containing from 0 JS M to OjOOOSSU vnmonium sulfste. This point is 
ilhisraed m Figure 1. By me degree of dikilion. one can achieve a pH gradient m the range of 0 • 4 pH 
unrta. The striuic of NH, lona from the Iposome depends on ttw NH.' gradlem. The teger is the gradi nt 
•^••'«»«««»»«««o»NH,tena.metaatoflamelnfteofme molecules to be 
toaded Mo Ipeaomei. By manipuMlng me rtte of ammonium sultaa Ipoaomes to saKs. variations of a 
grartem a8amaaas0.28pHiaiitBoraaiargeas>4pHunitseanbe achieved, m aKamative. me system 
« be manipulatwl by uaing me Iposomes in ammonium auMtt aoluBon of higher or lower molarity from 
n me range 04)1M to IM. praferably 0JM.15. to achieve a torgar or «nallar ammonium gradient resulting 
n a torgar a amaaer pH gradent 

The proceAve la independent of me method of Ipoeome preparaiton. Thus, the Iposomes may be 
pnpved as MIV. by solvent inieaton. metodmg Ipid hydraben. twmm ev^orabon. keexe drying or by 
•»P««ed»e^ and thawing, and rsganUaea whether the ipld fUm la mm or iNck although the thin Spid 
«m to preferred. The momod wU work equaBy »•« and is equaBy appleabto tor amall unilamellar vesicles 
<8UV). smal Ipoeomes prepared by seniealton. by uamg a Praneh praesure eel by passing mlv 
mrough small orifiea under high preaau*. by sotvem iniectton memoda. wttt soNenta such as ethers or 
ainhoto. Slmiiariy. me memod wis work tor large unilamellar veatotos (WV). aawe ptoriiamellar vesicles 
©PtV) or tor B lgola m a n ar vMtotos (OCV) whemer prseerwJ by detorgem rwneval using dialysis, column 
chnDmaiography. bto^wada SM-2. by iMrae phase evaporation (REV), or by lonnaiton of intermediate 
aued tfulamellar vertctoa by ty pressura exbuatona. Methoda in Btochemical Analysia . 33: 337 (1988). All 
mwe and omer methods of Ipoeome preparibon. lowwn in ma'V. era uaflui In praetieing mis inveno n. 
Theeo methods are described in U.S. Patonto 4.238J71: 4.241M: 4429J81: 4.737 J23 and 4.752.425 
nwerporated hereby by reference. 

The drugs which could be loaded In Iposomes using mis method are a> we* ampMphatk: compounda. 
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Witt wMk buic or acidie moiMM «nd include mwog othrs. doxonAidn. •ptrubion, <Uunocub.cm. 
carcinomyan. N^tyl«»riamyein. ruMazoM. Wtnidodaunomycin. N^tyWwnomycin.. all anmracylin* 
druos daunofvlina. propranolol, pomamidina. dibucaina. tmraeaina. procaina. eWorpromaana. wnWaitma. 
ylrSittina. mitomycifl C. pilocarpin.. p^yaortgmir).. rMOAigmlna. ^tow*- "^^^^ tt^I" 
s primaquina. mafloquina. ouinir^. pridinol. prodlpioa. banziropina .nMylata. «ha«ypha«dyl ""^^^^l 
propranolol, timolol, pindolol, quinacnna. banadryl. promatnazina. dopamina. aarotomn^apinapivina. co- 
S^, maparidina. Jithadona. morpWna. a^o pina. dacy^ ma. 

•mitriptylina. doxapin. doaipramina. quinidina. propranolol. Mocaina. cWorpromaan., promatt««na paf- 
SSr^cSZ^oi^^ga. pro^afll^ m-.^. carboxyfluoraacain. and ottar molacula. .m.iar to 

" """I/SHh dapandant loading hava baan daaeribad pravtooaly. tha noval syttam of tWs invanCon 
oni aiii^ o^ottar n«thoda. Tha aPlHty toaa-ly contrdth. 9r«Jlant by «mp* 

SSngTa pradictawa and tha «nal dnig cooe«itriten aehlr^ 

,. S?2ii^yd«!Sttcityaadata.mh2^ 
• SiS- mSSSSlI tha dniQ. Tha dr^, 10^ 

Mphistiestad inatromantatton and apaaalty chamicala or a^n withoutdanwnd tor t*o boflaci. 

inr«^arv ln«antiva atap ovar omar aimUar pravtoualy uaad tyitama la oaaang tha •mmon.um 

I-irTtallr. whila tha dH 01 axtamal a^oaoua phaaa doaa not ehanga. Ounng tha drug toadrng. m 
]^^!^ulT«^^l^oio^ to km pH. Thia haa an inHXWtart eonaaquanca tor tha atabiWy o« tha 

"^TSSI' ifflportint (aatin of iNa invanlton la M atabitty ol tha Ipoaemal drug. By uaing Wa jyatam 
«-trSLSSVlpr«r«poa«Jon of Ipoaonm. tha anbilty o« tha Ipoaomal drug » con«daraWy 

- I«T««anii,v«vio«f f«aaollaakaoaof»adnigcecuradduing*^ 

5rL^r^i?ni2ri~3«.aro«? 

sii^rj^SgC^^rr:^^^ 

i«fiio»«M with «nohiBhaflc drug* npM m m dWarart raiaaia rataa. 

^ i!i2^jrs2iiaSf^ss7^ 

SSTS ir«3S • HH** 

dacanda m^ariy on m ouwo» «» "^T -,j,*ah, aebttona. By optimiiing tha drug 

drug during t» kwdng. and on tha "^f^L JSSSi^ by ^*«»da -ith high 

c^^muMi m ffw aiiM madh«« and by prapartng nmonwm Ipoaomaa oy "-"-^^^ /-JT 


" •^Illl^lJSl'^'S^^ add (PA) - pho.pht.dyig.ye.rol (PO). 

ot Which la tha hydrocarbon Chain of iphingoaina. and ona or mora aug^ 
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v« suiUbl* for practice of ma prtMnt 'mwtton includ* cmbrosidM. gtitctoceredrosidas. 
Qiucocefabrotidaa. spnir^gomyaiins. GM,, suttatidas and tphtngoiipidt with d*- ana tn-»acch«ncas as matr 
polar haAd groups, i.a. di* and tri-haxosidas. 

Tha term 'poiyathyiana oxidas* as usad harain maans a mampar of pofyatnars of molecular w«igm 

5 batwaan 500 and 20.000 mada by polymaruing amylana oxida. Tha phmary raprasanutiva is polyethyiena 
glycol. Thasa polyamyiana o»das. prafarabiy gtycols ara suitabia to ba combinad with othar lipids, m 
partcular with phoaphotiptds. to form so caUad PEWposomas. Tha mambranas of it^w liposomes have 
diffaram properties from membranes of solely phospholipid Gposomes. The system of this invention is in 
particular suitable for loading dnjgs into these bposomes. 

10 In the dialiphatic chain npids. such as phospholipids, which preferably make up the bulk of the vesicle- 
forming Upids. the aliphatic chains are preferably at least about 12 atoms in length, and optimaity are 
between about 15 and 24 atoms long. The chains are also partially or substantially saturated, by which is 
meant th«t each chain contains at most one unsaturated bond. The saturated aliphatic chains produce better 
lipid packing in the liposomes and substantially extend the stability of the Uposon^e formulations by 

rs eliminating liptd oxidativa/paroxidativa Bpid damage. This lack at oxidative damage is observed even in th 
absence of fipophiUc free-radical puanchers. such u e-to co phero l . butytated hydroxytoluene (BHT) or 
vitamin E. which, and any other Kpid protective agents, may be optionally added in effective amounts. 
Similarly, where steroid-type lipids are inckJded in the iposomas. these are preferably saturated species, 
such as choiesteroi and its anaioguas. 

so The ttpids used to form tfte liposome compositions of ttw present invention may be either charged or 
neutral. Because it is daairable for enhanced retention of the comp os i tio n that the overall liposome surface 
be negatively charged, neutral or negatively charged lipids are preferred. 

The EK. DPPQ. OPPC. PHEPC and OSPC. preferably used in the current formulations consists f 
about equal amounts of saturated and unaaturated tatty acids of venous chain lengttts from Ci2 to C22 

M preferably C16 to C20. To reduce Hpid oxidation, when uead. predomtnataly polyunsaturated fatty acids aro 
hydrogenated to monourtsaftjratad fatty acids. 

Tha liposome c ompo si tion may further inckjde ch olee te roi. chotesteryl hemtsuccinate. cholesteryl 
sulfate, choiesteryl and other derivatives of chol es terol. The liposome composition may be further formu* 
lated to mkide minor amounts of fatty alcohols, fatty acids, and/or cholestarol esters or any other 

so pharmacautically acceptable axcip ient s which effect a surface charge, membrane fluidity and increase of 
incorporation of the dnig in the liposomes. 


Upos o m e preparation 

ss 

MLV. LUV. OLV. SUV, FTMLV and SPtV Ipoeomas ware prepared. AU of tiwm wars composed of 
phospholipids (PU preferably EPC. OPPC. OSPC. OSPG and PHEPC. and cholesterol 
(PUCH0L2/\7ncm6l) with optionally added 1-I0mof% of PEG. MtV were prepared by the thin layer 
hydration method described in Chem. Phys. Lipids . 1:225-246 (1967); and in Methods in Biochem. Anal. 

40 33:337«462 (1868). SPLV were prepared by tha lipid hydration perlorme d in an org^*soivent such as 
diethyl ether, according lo Btochemisfry. 24:2633-2642 (1966). 04 mM deaM was kvkjdad in all aqueous 
eoiuttons usad for Iposome preparation to minMia tha affect of Fe ions or doxorubictn degradation and 
Ipid perondaflon according to procedure described in U.S. PMem 4.7B7.266 incorporated herein by 
rafarvnca. AM types of Ipoeomes. inckiding PE<m MtV. OLV. SUV. SPIV or FTMLV are contemplated to 

m ba wfthin acope of this invention. Upoeomas were either formed by any suitabie procedure in the preserKe 
of the ammonium eolutton or were performed without ammonium and su beeq u e n tiy submitted to amnr^onium 
eolutton or miieu. AKamattvaly. the ammonium may be encapauiatad in tha g poeome s by using any suitable 
fnetftod of encapsulation. 

so 

Creation of NH»' Qradiem in Liposomes 


Li p oaoma s can be prepared in any way generally used for pre pa r a tion of Ipoeomes. Generally, the lipid 
components chosen for formation of Iposomas are cornt)ir)ad. If there are more than one. in an optimal ratio 
u such as phosphatidylcholine and choles te rol in ratio 2:1 m6 tfasolved in an organic solvent such as 
dichloromethane. carbon tatrach l oride. ethylene chloride, methylchlorofomn. benzene, toluene, ethyl chlo- 
hde, isopropyl chloride, chloro. bromo. or fkiorobenzene. and such other, preferably chloroform and the 
toivant is evaporated at room temperature until dryness. Tha pH creating system or compound, such as 
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18 


•mmonium sulfite, cartoncte, bicvtoACte. hydro)dd« and such othar. Is addsd to ths rssidual thin Hptd film 
in amounts to achiavt aporopriata innar pH in tha Upoaomas. and tha dasfaral or ofhar chaiator and othar 
water soluPta antioxidants such as soiub*a vitamin E. vitamin C» ghrtathiona. ufic acid art aodad tor 
ttabilixation purposas. Altamativaly. commonty uaad IpophtUc antiOJbdams such u butyiatad hydrox* 
yanisoia. butyiatad hydnwytoluana (BHT). butyiatad hydroxyacatona (BHA), atpha-tocopharol. *ipha- 
tocopharol succinata. wd propyl gallata. ara tncorpera t ad in tha Bp o ao ma mambrana during tiposoma 
formation and san^no as a protactant aeainat paroxidattva damaga. Upoaomas. aithar u MLV. SUV. LUV. 
OLV. SPLV. FTMLV or othars ara fomiad by axtrosion or any othar appropriate m«hod such as sonication. 
homoQanization. ate. 

hnar pH of tha Ammonium Sutfata Liposomaa - 

Tha pasaaga of tha ammonium suifata containing Bpoaomaa on a Saphadax 6^ pra-aquilibratad with 
a diffarant taoK»mot>c saft solution such as fbr axampla 0.15 M Naa or KO aolution. lamovas affactivaiy 
all or part of outsida ammonium suKata aubatHutaa It with sodKim or potaaaium chlortda. Thia craatas a 
gradient of vrwnonium suifata between the inaida and outsida the Iposomes. Skice neutral ammonia 
(NMj) can pass freely through the Ipoeome membrane, a pH gradient is created In this way, with th 
internal aqueous phase more acidic than tha external. The prindpie ia ilMratad by Examples 1-4. 

m order to prove the existence o« the pM gradient two Independe nt methods for measurement of 
internal pH o* tha Upoaomes were used. Pirat pyrwUne (8 hydroxy l pyranettiaulpho.iate) wu trapped 
inaida the Ipoaomes its fkiorescence mienaity waa meaaured a ccord in q to Example 4. Pyramne 
fluorescence intensity is pH dependent becauae the tttr«lon of the a^tyd^ 

0k«7,2 changes its extinction eoeffflbent appreciably. A caftniton curve accortfng to Example 4. was 
conatnicted varying tha pH inaida the Ipoeome vMicM m the range of pM M • pH 7 J by keeping the 
external medium pM constant at pH 7 A The left shift of curve was A* to a fraction of the pyranine dy 
electrostatiGatty aaaodaied with the external aurfice of tha nH c l s s . This caibrtton cuve wu ueed to 
quvYtlfy the chvtge in imemal pM of the ammonium auMa Ipoaomea. fottowing the d^iflon into solutions 
contaMng deacending ralles of «nmonium suifata to polaasii*n cNoride. Olflerent raioa of outsida to maida 
u x> ce i iuaik >n of »nmonium autfaia wu termed by dHi*on ol ouiaide smmonhjm siMa ^ dW^int s alt 

Ch«^ of the fluorescence intsnaity of pyranine anfrapped within ammoniu m mM^B Ipoaomes asa 
function of the ratio of axtemai to internal cuicenu at ton el ammonium auifata ara iOustrafead in Rpura i . The 
Rgure 1 shows that when the rabo of ootaidelnaide concenfration ol ammonlun suMa is lowered, the 
inside pH deeraaaes. After passage of pyranine loaded ipoaomes on a Sephsdw Q-50 column, pre- 
eqtsfibrated with 0.15 M potassium chloride at pH 7 J, the pyranine fluorascence indteates an «temal pH 
thmg$ of the Ipoeomes of at least 3 iitlts. The arrows m M cuwe deacrtoe fhejntemal pH of ammonium 


Ipoaomes derived from the i*«et to tNa figure, meet graph ahows the cafcratton ojrm that relates 
ftuoreecence of Ipueutiis entripped pyrw^to wd the Ipoeomal Mamai pK In onlar to further 


ttto exiatonce of tw «nmofAjm gradtent the same experiment as daecrtted above was 
A) M otter compounds such aa acrtdkte orange, a cytotoxic drug serttfna orange is an 
wa* baaa toK«9-25y, whicft have the advantage d being fhioreacent Mead d tapping 
p^™ M the ammonium suffato Ipoeomes. Ipoeomes wera added to a aototton containing acridine 
cwtge. The quenchfcig 01 »to raauWng soMton was rnonltorad telowi^ 


of fta Ipoeome, uamg the experimental daaigns d ee cii bed m Exampia 5 and itogatod m F^jra 2. 

iM tM aftact of ffw oradtont of ammortwn au«toe between the inaida snd the o 


Plgve 2 ahowa tha eflect of fm gradM d ammortwn mMm between 9m w ma^ m^ tm outa^ 
the Ipoeomea on the quenching of acridkto orange fluoreecence. toaet graph i a sn aaampia of one of the 
tTift**i**t'# f Percentage of fluorea ca n ca Intanaity (PX) of acridhta orange was monftered contlnuouaiy and 
is «town hera as (a). At tte specified time (b) Ipoeomee wera added snd tha ^janching was *oBowed. At 
stoedy atato. 5 tan ol figaricin was added, shown hera aa (e) and the extont d tto raleese d quenching 
waa ueed to calcuiato the wnmorawn suMa gradtont dependent luoraeoence irasnsily. The details d the 


experiment ara deecribedm Exampia 5. , «^ p. rrf 

- In «Mch tha extomat ammonitfn suUa w« ramoved. thera was 95 J% quenchmg d 


• - - hiio the l«ge aci dW ca don d M mtomal aqueous compsrtments d the 


toeding d this Upoeomes with Doxorubicin 


BP-o aei 8S4 Aa 


Doxorubicin is an tmphiphttic drug simiiir. in sofrtt of its physicti prop#rti«. to tcridine orang*. k is a 
weak amphiphttic base having th« amino group (pK»8^5). Therefora. tt>a drug has propmts sjmiitf to 
acridine orange allowing ma pH gradiant created between the inside and outside of the liposomes to cause 
doxorubicin s loading into the tntemaJ aqueous compartment of the liposomes. For the purpose of loading 
5 the drug, the ammonium sutfate liposomes formed according to Examples t*3. were passed on a Sephaoex 
G-50 column pre^uiUbrsted with a 0.15 M sodium chloride solution, to generate pM gradient and added to 
^ solution in saCne-desferal eccording to methods in Examples 1C-3C. The kinetics of 

incorporation of the drug is described in figure 3. Two preparations of ttpoeomes wers used. or>e composed 
of EPC and cholesterol in molar ratio of 2:1: and second of OPPC and cholesterol in molar ratio 2:1. 

10 Ftgum 3 shows the kinetics of the loading of doxorubicin into ammonium sulfate liposomes. The loading 
was started after removal of external untrapped ammonium sutfate by Sephadex G-50 gel exclusion 
chromatography. Ooxorubidn was incubated for the indicated ttme with either EPC/choiesteroi (-.-,..-) 
"posomes at 25*C or DPPOcholestarol Bposomes (•-•-) at 9XrC . At the end of incubation period, 
unincorporated doxorubicin wm removed by adsorption on a Oowex SOW column and the concentration of 

IS the phospholipid and dn*g were determined and used to calculcte the Ooxombtdn/Upid ratio. 

Free unentrapped doxonibicsn (DXR) was removed from the iposome-doxorubicin preparations using 
the cation exchange resin Oowex $-WX«4 20(M00 meah. The reain was prepared in Its sodium form 
according to the procedure described in Biochem. Blophys. Acta . 618: 343-351 (1985) with som 
modifications. The Oowex was added to the ttpoaome-doxorubicin preparation and gently shaken for 20 

so mtnutea at room temperature. During the incubation period the poaitivefy charged free doxorubicin binds to 
the Oowex resin whUe the entrapped doxonjbican mntitm associat ed with the negativefy charged ttpoaomes. 
The Oowex was removed from the iposomal-doxorubictn by vacuum furaion of the mbeture through a 5.0 
urn Nalgene fDianware funnel (Nalge Company, Rochester. N.Y.). Oowex binds Oesfenl and therefore the 
latter was added to ftnaJ concentration of 0.5 mM immedictely after M removal of the free dnjg by Oowex. 

» Aa can be seen from figure 3. me process is biphesic with a*quckar phaae in the first hour and a 
slower phaae thereafter, the latter continues ftor about 24 hours. The amount of dnig Incorpor at ed into 
OPPC/cholesterol liposomes wu double ol the amount in co rpor a ted into the EPOchoiesteroi Ipoeomes. 
Ammonium sutfato tiposomes without an inside-outside pH gradient incorpoi at ed the dnig only to the extent 
ei^acted from the partition coefRdent for the apecifte Bpid used, and the intamal volume available. A ftnei 

90 Mo waa dependent on lipid co n centratio n. 


Effect of the Degree of Hydrophobic i ty on the Loeding 


Other ampNphatic weak bases, such aa lor example acrtdbw derivatives, partition much tastor than 
doxorubicin into the internal aqueoua phase of the itpesomes in response to a pH gradient The liposomes 
loaded with daunooibicin. a doxombidn analog which lacks the hydroxy group and is therefore more 
hydrophobi c than doxonjbidn. under the experimental conditions proved that it is so. The rate of 
40 daunoaibicin inco rpor a tion was higher than thai of doxorubicin, probabfy due to its about 10 times higher 
hydrophobi ci ty and the in co rporation went to completion In lees than one hour. 


The Concentraiton of OoMorubidn ineide the Upo eo me s 


In order to deteimine the tu i ce i maUu rt of a loaded dnjg Ineide Ipoeomes. the Intemai aqueous osmotic 
volume of the vesidee wes measured. This wu done by the en tjap i w i t of the non-measurabie radioactive 
tracer inuln. The eomperiaon of the radioadhHty per mote pho ap hoipl ds befors vid after removal of the 

so untapped muin was ueed to detannina lapped voAuma uaing a procedure deechbed in individual 
exampiea. From the oMned datt. the intamal volume of two p rapa rai to ns U. EPOchoiesteroi and 
OPPDcholestefOl veeides. was calculated and reeults aummarized m Table 1. The intemai trapped vdume 
d the OPPOichoieatard preparation was almost twice that of the ffOchdesterd prepvatkyi. i.e.. 2.7 
against ^S mMnole. This eonelstos wefi with the size dHlerence b etween tie two populations of Bposomes 

ss aa shown in Table 1. Alao given in tm aame table are the caleutated eouiibhum concentrations of 
dottrubidn in iheee two pre pa r a ti ona . The intamal doxorubicin concentrations Ibr the two preparations 
which is almost identical, together with the dflerence in Ipoeome size, eipialns tN dHference in the drug to 
ipid ratto referred to earlier. The identicaJ concentration of doxonjbidn the hvo veside types suggest that 
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Aggingrton ol DoxofubWn ln»id» m» Upotomta 
s "* 

On« of ffm probltms oft»n tncoumMd wtth loading of drugs into tiposomot is that thoro is a Umit to 
such loading, i.o. only cortain amounts of tho drug can ba loadad and that if that ftmit is raachad. tha drug 
would onan form aggragatas in tha Hposomas. This can ba bast illustratad by doxorubicin. 

ro R has baan praviousty daacribad in Slochamistry. 21-^827*3832 (1982) that at concantrmtions highar 
than about 1 um. doxorubicin forms dtmars and hi^ molacular waight aggragatas. Sinca tha concantra- 
tton aehiavad in tha ammonium suttata Hposomaa ter axeaads thia Imit tha physicai stata of this drug 
insida tha vaaidas was studiad. Tha aimplaat physical paramatar that changas by aggragation is tha 
a bso fb anca spactrum of tha drug. Tha rsifo of abaorbanca at 470 nm to tha absorbanca at 550 nm can giva 

IB a sami^uantnativa paramatar for tha aggragatfon stata of tha dnjg. Tabia 2 prasams data on this rato for 
high concantratlons of doxorubicin in solution, and atao on tha sama paramatar from tha doxorubicin toadad 
fipoaomas. Maasuramams wara carriad out on a Parkin Bmar Lambda 3B dual baam spactrophotomatar. 
Tha ratio m l^osomaa was obtatnad as a dHfaram spacM) in which 'ampcy' iposomas. i.a.. not 
containing doxorubicin wara praparad uaing tha aama Ipid composition and In idanticai way sarvad u a 

X convol. By uaing this procadura tha 1^ aeattaring of tha Iposomas was eorractad. m both casas a 
aubatantial aggragation of tha dnjg can ba infarad from tia data. Such aggragabon howavar. is in no way 
daaimamal fbr tha raiaasa of doxor u bic in from tha Iposomaa. 

Ruoraacanca studlas of tha antrappad doxorubicin wara p arfbrmad by studying iba fluorascant intansity 
of fraa doxorubicin m solution aa a function of Ka ujntan b aUo n m paranal to ma fluorascanca intansity of 

18 tha ipoaoma anfr a ppad drug. Tha maaauramants wara carriad on a Parl d n' D mar MPf ^ spactroftuoro- 
maiar. using axdtation^asion wavalangths of 470 nm snd SOO nm raapactNafy. Doxorubicin was diiutad 
in aaina to tha co n c anir aB o ns irtfcatad in Tabia 3. Tha fluorascanca of tha dnig was found to ba quanchad 
at cu i> cantiaUo n highar than ^out 10**M. TMa waa dona by oompar ia on of iha fluor asca n ca at avary 
conca ntfatt on with M fkjoraacanca of a«na aolutfon but dHuiad to a ux i c ai iuatia i i smartar than lO^M. 

» Studying tha aalf-quanching in aoiution praaa nt s tha probiam d tha Innar fBtor aflact As can ba saan in 
Tabia 3. doxorubicin fluor asca n ca maida tha Iposomas is almost 100% quanchad. This was caicuiatad from 
tha diffaranca batwaan tha fhjora ac an ca of tha Ipoaomas praparad accordbig to Exampias 1-4, and tha 
fluorascanca of tha aama mbrtura aftar dUutlng it 10 thnas wtth isopropanol containing 10% of 0.75 M HO. 
Such aolutfon solubiExas tha ipoaomas compiataiy and tharafora causas mora than lO" fold dilution in 

38 doxonAidn tu i ta i m alie n. A corractten for tha difforanca m fluorascanca of doxonjbidn in watar and tha 
abdlflad iaopropanol solution, daducad from maasuramams of tta fluoraacanca of *fraa' dnig in tha two 
aomtfons. was introducad. Tha smaS amount of unquanchad doxorubtain is probabfy Aia to aoma fraa drug 
that laakad out of tha »a s idas. 

Laaicaga Of DoMorubicin from Upoaomas 

Ona of tta Wr^ottm aapacts of Ms invantion is tha laalcaga of tha drug from tfia Ipoaomas. Tha 
Miaoa cm compiMfy nagata^ «ty banaflts aehiavad by Ipoaoma drug ancapsuiatton. It It is fast and 

m uneontroAabia. or If it ia too stow. On tha othar hand, a graat banaftt and improvamant m dnjg daivary to 
tha ttoaua c«i ba aehiavad tf tha laaicaga can ba tima conaoOad u to provida lima raiaasa. 

Tha aai^OJancNng of tfto doxorubicin fluoraacanca giva a dfract and aaay ma^ 
of dttconjbidn Isrtisgi from 8to ipoaomaa. By moni to ring any an ha ncamant In tw fluora sc an ca Intansity. 
which Is a raflaelfon of daquanching. ona can monitor M aacact amount of ralaaaad drug according to 

so proeadura of Exwnpto 6. i la to ba ui^antood mat oartain dagraa of Moga la aito^ctod sinca tha ramovai 
of any tfUnoorporatod dOKorublcin craaias a sfrong gradfont of tha drug. 

T«bia 4 «d ngura 4 show data on ma toaliaga raia fram tha two typas o« Ipoaomas. Rgura 4 
iluaMas latfcagaof doaorubiein'from Ipoaomas. Tha Agura comparas toakaga from Iposomas ^ 
mambrm aaaociaiad or aquaoua phaaa antrappad doxonjbicin. Tha lattor wara praparad by tha ammo- 

ss run auifato toading maihod aa daacribad in iha axampiaa using OPPDchoMaroi (• -.•.•) and 
CPOthoiastorol (• - • ) ipoaomaa. Tha mambrana aaaodatad typa ol Ipoaomaa whara composad of 
ePC/BPQ/chotostaroi in rado of (7W g noi/moi^ containing fraeas of >H<hoiastoaryflnoiaato. 
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Ammonium Gftdtant in Uoosomea • A COa Gen«rttor 


current invention is «ito usefut for generation ot geset. in ptrtcuiir COj u hyperecnogemc 
enhancers for uttrtsound tmaging. The procedure end resufts are de ech bed in Example 9 ana in figure 9. 

COi is hyperechogenic and therefore may an u enhancer for uttrasound Imaging. Unti now it was 
difficult to get a formation of COj gas in target organ. One way of utiftrng this inventon is to administer to 
a target tissue of a person to be diagnoaed by uttrasound tmagtng the ammonium lipoaomes sucn as for 
example liposomes having eryapiutated ammonium bicarbonate, tn the Iposomes. the ammonium bicar- 
bonate will dissociate into the ammonium cation which will further dissociate into freehydrogen proton and 
neirtrai ammonia and bicarbor\ate anion which dissociates into water and carbon dioxide.Carbon dioxide and 
neutral ammonia then permeate through the Uposome membrane according to ammonium gradient. Thus, 
the ammonium liposomes may act as a carbon dioxide generator in tissue u described in Figure 5. The 
process is shown in Scheme 2 


A LZrOSOMC 


NH4HC0) 


WW* . Hcor 


Mb « IT HiO * CO) 


A 

I* HiO 

^■^-j- 


NHS 


(CODCAS 


The main advantage of this approach ia that the Upoeomes can be targeted to definite tissues and if the 
process of COj release is in the right time frame then it may be a euitabie image enhancer of organs and 
JO tissues which can be reeched by Iposomes. In practice. abMcation ol aqueous compartment of liposomes 
by the ammonia gradient produces COs gas from the NH«HCOs anfrapped inside the liposomes. The 
NHaHCO) is then used to abdrfy the Upoeomes and as a COt source. This aspect may be used for 
enhancemem of t^raaound images as wefl as for other systems which require a controUed and remote 
release process of gases or other compounds that require at mU acidification in sites unapproachable by 
cortventiona] techniquea. 

The foUowing examples illustrate methods for making and using the novel procedure of this invention 
but are in no way insMed to imit the scope of the invention. 


« UTBJTY 


The primary utility of the system of this invention is the easy and efficient loatfng and release of the 
amphiphatic dnigs into and from Iposomes by creating the system of two (pH and ammonium) gradients in 

4e tuch a way that the Ipoeomes are exposed to a low pH only «or a very short time prior to loading, the only 
at their intomal swface and the loading and releite can be done at 97* C. The rato of loading and/or 
release is easily manipulatod by changing the gradtonts. The system is physiologicslty acceptable, non- 
tone and suitable tor loatfng amphiphatic drugs into Ipoeome s even In Mi. ueeful for example for removal 
from the blood circulation of overdoee of amphiphatic oompoml or for creating in the concentration of 

so COi tor diagnostic imaging. The short exposure of the Ip oeom es to a low pH iTreaaonabiy wen tolerated 
and thus me stabilty of the Ipid vesides te greedy improved against the stabilty of Iposomes being 
exposed to tow acidic pH tor a tong time which may lead to phosphoApid degradatton. This is parttcuiariy 
importam because the efficient dnjg toading by the pH gradtont csn be achieved with property engineered 
Ipid compo ei tion together wim desired rsto of release of the a mphi p ha ti c drug from the liposomes. 

II Ammortium sutfato liposomes were found to be non-toxic when administsred to mice and did not provoke 
any toxic symptoms or caused death. 
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Matdhttt 

Up»dt: Eog phosphatidytchoKn« (EPC) wu purchastd from Avvtti Polar Lipids (BirminQham. Al); EPC 
95% wu purchasad from Asahi .(Japan); ChoM»rol was o6tainad from Sigma (St Louis. MO.): doxorubicin 
5 wu obtainad from Carlo Erta (Milan. Katy). 

pH indicatofs : Pyranint (8-hydroxypyron»-i. 3, e-triauMonata) wu purchased from MotMjiar Probas 
(Eugana. Oragon); acridina oranga wu purchasad from Aldrich. 

Niganctn wu purchasad from Calbiocham (Mountain Viaw. CA). Oaunorubidn wu obtainad from 
Sigma, alpha-tocopharol succinata and 0*U atpha-tocopharol. Saphadax (9-SO. Sapharosa 6B (Pharmacia) 
10 and Dowax 50 WX-4 200-400 mash (Dow Chamical) wara obtainad from Sigma (St Louis, MO. USA). 
Dasfaroxamina m«aytata (Oatfaral) wu obtainad from Gba Qaigy (Basal. Switzartand) and polycarbonsta 
fittars wara obtainad from Nueiaopora (Piaasamon, CA). 


Exampla 1 


Praparation of EPCOoiastarol Uposomu with NH» 4. Gradiant 

20 

This axampia iltustratu tha praparation of EPC/cho*aatarol Bpoaomas with outsida to insida ammonium 
suHata gradiant tMaar than 1 .0 and tha loading of tha dnig into thasa Kposomas. 

29 

A. Praparatton of Uposomas 

100 mg of EPC dteo»v«j in 5 ml of cMorofomt wara pourad into a round bottom flaak and 25 mg of 
choiaataroi wu addad. Tha chlorotorm wu avaporatad uaing a flaah avaporator \M)6f w^ucad prassura 

so until drynaaa. To tha tWni^ film on tha surtaca of M flaak wu addad 5 m* of a soMon of O.11 M 
vnmonium sulfata eomatning OJmM daafaral tfsaoivad In wsiar and tha Ipids wara diaparsad m tha 
aolutton by vigoroua ahMng Ibr appro»mato»y half hou. Tha muMamate v a aid a s (MLV) obtainad abova 
wara axtrudad 3 timaa through a O.i um Nueiaopora polycarbonata fWar and 3 timu through s 0^ um 
polyctfbonata fUtar uaing tha atainlau staat axtrusion cafl uidar ma prasaua of ISO pai crMtad by argon 

ss gas in MiUipora filtration unit Tha whoia procaas wu carriad out at room lampantM. Tha das^ral wu 
addad to proiaet tha ipids mtd doxorubicin againat dagrvdatlva pro cassu according to tha procadura 
dascribad in U.S. Patant Application Sar. No. 806.064. lUad on Oacambar 6. 1965. incorporatad haraby 

'***ThaMtV piQducad wara a«har uaad directly snd r»*arrad to u MLV or wara further procaasad. aithar 
« by fraaang wa thawing (TTMLV) to ^ FTMLV. or by axtruakjn to giva ajdrudad oligolamailar vaaiciu 

(OLV). 

FTMLV wara prvpmd from tha abova MLV by 10 rapatWva tracing thawing cydu batwun fiquid air 
at 2S*C aocordbig to Siochim, Blophyt> Acta. 617:163 (1966). 

Exfrudad OCV warg prapMd irom rfSlMLV by lhair axfrualon 3 «mu through 0.4 um diamatar 25 mm 

4a polycvbonato fMar. tpapwad by thraa axtruaiona through 0^ um 25 mm Amatar polycarbonata fittars 
uamg ran praaaura of 190 PSL A modHtad MBIpora uWUrtiton tf« wu uaad tor ma axtrusion. Tha 
whda axmiaion siaptooklaasth«)30min.i0sacof ufraaonie iiradWon in bam aontcator (Tranaomc 
4a0lH 36 KMi fraquancy. 285 wtts. Elma Sargwiaa. AuaMa) tacflKMd tha axlruaton without affactlng tha 
quMyandpropart»aaoftha«xtrudadOLV. 

so Sttbia piurtlmtBar uulclai (SPtV) «a ralatod to ma twmm phau avaporatfon vaalctos dascribad m 
Ptoc Nad. Aod. Sd (USA) . 75:4164^196 (1976). Thay wara prapar^ by ramovai o< diamyi from 
^SSfSSSr IrtuKon "SnSiich fta Ipida war* prmnt m vary high uj n caittai toa u daachbad m 
Bio ch amiatry , 24: 2833-2842 (1965). uaIng 110 mM ammonium aulfato aoMton containing OS mM dasfani. 
WSSigSpa tof all vaictos yara partormad m ma abov ammonium wieato aoMtoa 

as Lipoaomu sixa ttilbutten wu datorminad by ou s sl a latltr Ight scattoring (QELS) using tha Maivam 
4700 automaasura syftam according to Mthoda in Blocham. Anal.. 33;337«462 (1968) 

Effact of liposoma typa on ammonium gra^ dapandant loading of doxorubicin. Tsbia 5 shows a 
compmon of doxorubicin loading into thraa typas of muidiamaUar (AvantO EPOthoiaatoroi Ipoaomu u a 
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rtsu rt of am monium ion grtditnt In all casM ma graditnt waa obtained by gaf axdusion chromatography of 
me Uposomas after ammonium sulfate loeding. The incorporated doxorubicin «ras removed by Oowex after 
24 houra incubation at room temperature, and tf>e mole ratio of doxorubicin to phoaphofipids (DXR/PL) was 
determined. Table 5 demonstrates that loading efficiency ia m the order SPLV > FTMLV > MUV. This oroer 
is related to me trapped volume of these mree MLV types, ft ia of interest that the MLV are leakier man me 
SPLV or the FTMLV. suggesting b«ner annealing of the latter two types of MLV. 

^ Stabilrty of riposomes baded wtm doxonjpicin wu determined by characterization of the physicai and 
chemical stability of egg PC/chotesterol Hposomes loaded wrth doxorubicin by the ammonium sulfate 
gradient method. The leakage of OXR is temperature dependent wim rather high energy of activation. The 
ftrat stage of the physical stability studies was to foilqw the change in OXfVphosphoiipid moie ratio of me 
MLV prepared by 3 dffferem methods de sc r i bed Table 5. 

From datt tt ia dear that leakage at 4»C ia dependent on method of Bposome preparation. Physical 
stabittty based on the leakage rate ia in the order FTMLV > SPLV > MLV. Assuming first order kinetics of 
leakage, the liposomes composed of fluid Hpids (Tm < 37^) are moat suitable to be used for the remot 
toading. The above data indicate that the maior problema with the atabifity of these liposomes stability is not 
the chemical stabiSty of OXR and phospholipids, but me leakage of OXR The tatter problem can be 
reduced if phospholipids wim high tempenbre phase transition are used. 


B. Creation of a pH gradient 

The above obtained Bposomes were applied to a Sephedex Q-50 column pre^ybrated wim a O.iS M 
sodium chloride soWion containing 0.5 mM desferal and eiuied wim the same sokAon. To reduce loss of 
the targe vesidee (MLV. SPLV and FTMLV) me veeide diapersiona were sonicated for 10 sec in bam 
sonicator. The void volume containing the Iposomes was collected and ueed in Step C. 

Aftemath^, the vesides were dikrted wim the above NaO eoiution to give the desired ammonium- 
suttate gradient b e t wee n the liposomes and the external medium. For example, by dikition of the Uposonnes 
14)00 times in O.lS M sodium chloride sokitlon a 1 to 1.000 outMe to inaide vnmonium suHate gradient 
waa obtained. 

In another set of ea^^ments. the sodium chloride waa aubclftuted wtm the potassium chloride. 


C. Loading of liposomes wim doxorubicin. 

1 ml ol a 10 mg/tnl solution of doxorubici n HO dlisor^ed in ealne^desferal was added to i ml of the 
liposome diapersion after the lipeaomes were gel filtered on a Sephedex 0-SO column in Step B. The 
fnixture waa inc;^8ted at room tompenture tor approximately 24 hours. The incubation was shorter for 
certain types of Unetic expehmenta. At the end of Incubeten period, the mixtue was passed mrough a 
Oowex 50 WX-4 (Serve) cokm to adsorb the free, unin co rpor a ted dnig. Aa small vnount of 60 mg of the 
ream waa able to edeoft es much aa i mg of free doacorubidn In a ttme shortor th«i less than 15 minutes. 
Liposome in co rpor a tod doxorubicin dto not edsort to the Oowex reein at aK and remaned in the tipoeomes. 
A column containing 1*2 g dry weight of the reein was sufHdent to adsorb al ur^n co rpor a ted drug. T 
detomiine the r«to o« in co rpor ato d drug to Iposomal Ipid. the phoephofipid v>6 doxorubicin concentration 
were detormined. PC co n cenuatkan waa detennined according to AnaL Biochem. . 104: 10-14 (1980) 
motffied soih«t20ufctflOMHa were added to the asaay mixture. w\ ordar to avoid partftxxiing of 
doxorubicin into me orgenic phaae of the aaaay. EPC waa ueed for a stvidvd curve. 

Ooxonjbidn co n cenuatto n was measured after dteaoMng Ip oeom es in iaopropyl alcohol containing 10% 
of 0.75 M HO aqueous sdutton. The abeorbance of the eokitton w«a d e term in ed In a Perldn Bmer Lambda 
38 UV/VIS dual beam spectrophotonteter. using a wevelengm of 480 nm. and «i extinction coeffident for 
doxorubicin in the eddMed ieopropyl atoohd of 12800 CM-*. HPLC of me soiubiBsed liposomes wu 
ueed to aaeeea the miegnty of the doxorubicin according to the method deecribed in J. Patent. Sd. 
Technd.. 38: 220*224 (1886). 


Example 2 
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PrsBvMon o( DPPC/Cho<wtfo< Upoaorntt with NH«* Qmiivyt 

This cxampl* illustntM th« pf»pafiJlo« of diptlmitoy* pheiphtlWy)c»»ln«/ct«tMtirol lipesenMS with 
•mmonium tulfatt Qritfwn ogt«id« to insido itmr Sian 14) and tM toadmg o< tho drug into thes«$ 
KpowmM. 

A. Pr»o«f«tion cH UpoiOfn— 

100 mg of OPPC diMOtvod In 5 ml of chl orofocm wara pound into a row«d bottom fU«k and 28 mg of 
eholMtarol was addM. Tha ehlofofomi waa •waporatad uaJng- a flaah ovapontor undor raducad praaaure 
until drynaaa. To tha tfiin Ipid film on ma aurtaea of •» llaak waa addad 5 ml of a.80iution of 0.ii M 
ammonium aultata containino OJ mM daafacal daaoivad m waW and lha Ipida wan diaparaad in tha 
solution by vigoroua ahaking lor approidmataly hall hour. Tha MLV obtainad abova wan axtnidad 3 bmas 
through a 0.4 um polyeartMnata fllttr and 3 ttmaa tftreugh • 04 urn pelyearbonaia flltaf uaing tha pnaaua 
of 150 pai. cnatad by argon gaa in a MIBipon flteitton unit Tha whota precaaa waa caniad out at 50» wan 
abova tha iranaition tamparaiun of p hoa p H oHpid. 

B. Cnation of a pH gradiant 

Tha abova obtainad Kpoaomaa wan appliad 10 a Saphada* G-50 column. pra^Bbratad with 
sodium chierfda aohrton esnt*ning OJS mM daalaral and akMd with tha aama aoMlon. Tha void vomma 

containing tha Bpoaomaa waa couactad and uaad In Slap C. 

^UtwiLtvaly^ vaaidaa wan dUutKl w«h ma idov. N.a aelulien lo gNa ffw d«wd a mmonium. 

sullata gndlant balwaan tha ipoaomaa and ma axtarnaf ma««um. F« WMiipfa. by ««^ 

1 000 tmaa in 0.15 M sedhm cMortda aeblion a 110 1«0 eutatda id Mda ammonium auifata gnd»nt 


m anom^ aat of axparimanta. tha aedhm eNorida waa auba«ut«J wim tha ai8 M of pot»aium 
cf)londa> 

C. Loading of Hpoaomaa wim downjbidn . 

1 ml of a 10 mgrtnl aobben of doxowbidn MO <*aaofvad in lalna^aafanl waa addadio i ml of iha 
ipoaoma diapanion rtar ma Ipoaomaa wan gat flttand on a Saphadax frM column. Tha m«fun was 
i«a*atad at room lampar*un lor appro-ma»»y 24 hourt. Al ma and cn^^ 
oaaaad through a Oowax 50 WX-4 (Sarva) column » adao* tha Na «*«corponiad dwg. Aa im^ 

•Teo mgoima nain la *ia to adaorb aa much aa 1 mg 01 ina doaon*^ 

18 mi.«L -hUa ipoaoma incorponiad do«rublcm doaa nol ad«^ 

wtm ma ipoaomaa. A cofomn conMning 1^2 g *y of ma nam waa 

uiiiMiiporawd drug. To daiannina tha nOo of Incorponiaddrug lo Ipoaomal Ipid. tha phoaphottpKJ and 

deiarubidn cu i t ai imtt on wan daiamtinad aa daaalbad m Eantpla i. 


Pfapfrten ol EPQChoiaaiarolUpeaomaawtm a NM.*Qraaant 

Thia axampla Muamaa ma pnpwtlten of «% BPCAehofaaiaroi Ipoaomaa wim ammonium auiiata 
gradiant outaida to maida laaaar th«i 1.0 and tha loadktg lha drog irto thaaaa Ipoaomaa. 


K Praoaratlon of Upoaomaa 
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^00 mg of egg phosphitKfyKrtwfin* 95% (As«m) tfgsolvw) m 5 ml of cfttoroform w«f« oourto into « 
round bottom flask and 25 mg of chotMttrol wu added. Tha cMoroform was avaporatad using a fiasn 
•vaporator undar raducad prassura until drynass. To the thin Qptd film on tha surfaca of ma Aask »as 
«S<J«3 5 ml of a soluton of O.i i M ammonium sulfata containing 0.5 mM dasfarai odtainad from Gba-Oaigy 
dtssoivad in watar and M Hpids wara disparsad in tha soiutt n by vigorous shaking for approximately ha/f 
hour. Tha SPLV obtainad abova ware aiorudad 3 times through a 0.4 um pofycarbonata filter and 3 times 
through a 0-2 um polycarbonate filter using the siainlass nmi extrusion call undar the prassura of i50 osi 
^ed by argon gas in a Millipora filtration unit Tha who»a procaaa was carhad out at room temperature 
Tha dasferal waa added. 


B. Craation of a pH gradient 

The above obtained SPLV were applied to a Sephadex Q-50 column pre^Ubrated with a 0.15 M 
sodium chlohda aolution containing 0.5 mM dasferal and eluted with the aame aoiution. The void volume 
containing the iposomes was collected and uaed in Step C. 

Alternatively, the vesicles were diluted with the above NaO soMon to give the desired ammonium, 
sulfate gradient between the Upoaomes and tha external medium. By dilution of the Iposomes 1,000 times 
in 0.15 M sodium chloride solution a 1 to 1.000 outaide to inside ammonium aulfata gradient was obtained. 

m another set of experiments, the sodium chiortde was substituted wHh the potaaaium chionde. 


Lo>d'»g of liposomes with doxorubicin . 

1 ml of a 10 mg^j solution of doxorubidn HCt diaaoh^ in aaiine-daafaral was added to i ml of the 
lipoaome dispersion after the liposomes were get filtered on a Sephadex G-50 column. The mixture wu 
incubated at room temperature for approximately 24 houra. The incubation was tfwrter for certain types of 
kinetic experiments. At the er)d of incubation period, the mixture was passed through a Oowex 50 WXM 
column to adsorb the free drug. The resin is able to adaorb aa much aa 1 mg of free doxonjbidn in a 15 
min time while the aequestered lipoaome in co rpor a ted remaina with the ipoaomea. A column containing i-2 
g dry weight of the resin was sufKtient to adaort an unincorporated drug. To determine the ratio of 
incorporated dnjg to Bpoaomai Opid* the p ho ap ho ip io and d ox orubicin coc Ke np ai ton were determined as 
deschbed previouaty. 


Example 4 


Loadino of Pyranine Into Ammonium Sulfate Containtng Upoaomea 


Thia example iBuatrates the toadkig of fluoreecent compound pyranine Irtto ammonium sulfate contain- 
ing Ipoeomea and deiarminatton of inner pH of theae Ipoeomea by meaauement of pyranine Auorescence. 

Upoeomea were prepared u m Example 2 above. w«th the cxceptton that 03 uM of pyramna. (8- 
Itydroxy ^^M pyrenetrtsutphonata). was included in the hydration aomnon wMch alao cont^ned 4^2* 
hydroxyethyfyt-piperazlnethanesulfonic acid (HEPE5) buffer, with 10 mM IM co n ce ne atk xi «id pH 7.5. 
Bemoval of me tmfrapped pyranine was achieved by gel Ittwton on a Sephadex 0*50 column, pre- 
e^j^xaM wHh 0.11 M ammonium sulfate solution containing 0.5 mM deaferal and the HEPES buffer. For 
•ctffying, the Iposomes were paaaed on a Sephadex colwnn pre-equiSbrated w«h a potaaaium chtoride 
aoiutton buffered with HEPES or tflutad m mbeturea of ammonlwT>-aulfate and the above sokrtion in drfteram 
proponiona. to achieve the deaired outsida/inside ratio of ammonium aulfite. The kitamat pH of the vesicles 
waa determined by meiuuhng the relative fluorescence emiaaion of the pyranine. A caibrabon cun^ wu 
conaffuctad by preparing Ipoaomes in aoMona of aoditfn chloride adjusted to different pH by titration of a 
20 mM 4fnorphofi n oethanesutfonic abd (MES) buffer of pH 5 and 6. and the 10 mM HEPES buffer solution. 
Paaaage on a Sephadex column G-50. u mentioned above, provided a aenes of Ipoaomee preparations 
with a fixed external pH of 7.5 but a different imemal pH. In an eaaes the cooapae of tha pH gradiem and 
the equMbratton of inside^outaide pH was achieved by addition of Nigertcin to a final concentration of SuM. 
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Pyranint fluorMC«nc* wm mMSurad on a PtrkwvBmtr LS-5 tptctronuorom^taf. uaing xcrtitiorvamissicm 
wav«t«ngms of 460/S20 nm. Tha catibrabon curv* is shown in Rgurt i. 


Eaamptt S 


Acfidina Qranga tncofporation into Ljpoaom#s 

TO 

This , axarnpto illustrate thtJoadlng o^ tcrWfts »oranga Into Eposomw. ^^j^ * 
ampfttphatie bass of of wt^ main advantaos-is that it hatJHjortacanca proportas. 

1 umol of acndina oranga wu addad to a solution containing diffarant proportions of potassium chlonda 

le and ammonium sulfsta. Tha solution wu dasignad to gat dWarant outaida-inaida gradiants of ammonium 
autfata whan tha Ipoaomaa ara addad. A smafi aliquot of lha Ipoaomas suspansions, calcuiatad to diluta 
tha lipoaomas 200 timas and praparad « m Bcampla 2K was wim6 with tha acridina oranga solution m a 
cuwtta. and tha quanching of fluor asc anca was cortinuouafy montorad using a Partrnvfimaf US-5 
K)actrof)uoromatar with excitation at 460 nm and amiasion at 525 nm as an indication for tha amount of 

» acridina oranga that was incorporatad into tha v^sidas. Aftar aquiSbration. nigaricin wu addad to achieva a 
final concantration of 5 um. Tha racovary of fluorascanca was monitorad. Tha ratio twtwaan tha fluoras- 
canca bafora and aftar addition of nigaridn was uaad to calcuiata tha quanching of acridina oranga 
fluorascanca according to tha formula: 

iOO * X 100 


DMraity nee^ firm •ddWon d Nlgtfteifl. Th. quwKNng on wrv* ■• • qurtWtv* mScaior o« m« pH 
ytdlam. T)w rMuM art wmmarUad in ngur* Z 


&a>np(*S 


_^ eenWNng dowuttcin «w« pttpMd «adhr m •awplw 1A or 2A. iwpwahrtly/ A 

1.000 tmm dhJtton oT «» IpoMnm in sain* pwtomwd and ttw fto'-c "^,? nT^^J!!!^ 
meiMnd C0(*«ualy m a Part* arm MPf^ apacwftiorwnrtw. ««dar cendMona o( controltod 

Mdi •aarknant. «w Ipoaomaa wara dMad 10 imaa to laeprapyl aleehoi coiMnns 10% ol 0.79 M HO 
a»ua«ae«tarv. Tha luora^^ 

»a do«orU** waa aMad te w aiaara •« no quane»*Q oceuriad. i«B^^ 
Qua malda tha IpoaoHm Tha imoum «iat laakad.. a«praaaad In parearttg a of »a ^^J^J^ 


SO wnMng Mda ffia Ipoaom as . «aa cairn iiaian itom via mo balwMn tha tneraaaa of 
Mar la*aoa «id iho Ml «noum of dombidrL Raauits ara givw m TaM 4. 


ToKicHyof AmffwnjtfnSuffataUadadUpooomes 
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to 


Uposomts w«f« prtptr^d u dtscribtd in Examp)« 3A using frtsh 95% EPOcholMttfoi in 2:i mot«f 
ratio. pM gnditm wu fonn#d by rtmoviJ of •xttmal ammonium sutfatt by 99) •xclu»on cnromttograpny 
u describ#0 £xamp(«s lA. 2A, 3A. MUf of tha liposomaa was usad for loaoing of doxorubicin using tnis 
mamod. Oom hart wu injaaad into tail vains of 6 8ALS-C mica at tha lavai of 350 mg PC par kg. Tha 
mica wara foiiowad for 6 momns. f**ona of tha mica diad and t« of tham banavad normally. At mis lavai ma 
ammortium sutfata itpoaomaa wara norHoabc. 


Examp<a8 


'9 Loading of Oaunorubidn into Uposomaa 


Ammonium sutfata tipoaomas wara praparad axactfy as in Exampia 2A abova. Aftar saparation of 
untraopad smmonium sutfata by Sapftadax G^. 1 ml of tha Qpoaoma dtsparsion was mixad with 10 mg of 
X daunonjbtbn disso«vad in 1 ml of 90*C and at apadflad tima imanrals afiouots wara takan. fr^ 
daunorubicin was ramov#d by tha aama Oowax mathod daacnbad for doxonjb*dn in Exampias lA, 2A. 3A. 
and tha daunorubtcin concanwon was maaaurad as shown tor doxorubicin. It wu foutf that tha tcadtng 
was finishad in 1 hour, and tha final molar ratio of daunorubtcin to phoaphoiipid achiavad was 


Eximpia 9 


JO Ammonium Qradtant Uaafut for UHrasound Imaging 


Ocuacoft 128 Computadxad Sonography Syatam (Ocuacon. CA. U.SX) was usad throughout ail this 
study. To impro^ tha monitoring, tfta ufMound proda was coatad with Largo Scan-i 1 ultra fina scanning 

js gal of coamatic quairty, watar solubia and salt fnaa (Biomathx. Janoaiam. laraaO. 

Oamonsraon that COi gaa producad by abdtfication of madium containing amn>onium bicarbonata 
(NH4HCO1) wu mada by an umaaound proba. For thia. ammonium cartoonata (0.12 M) wu piacad in a 
baafcar. Tha ultrasound proba wu attachad to tha baakar. No signal wu obsan^. Whan HQ wu adoad to 
lowar tha pH 10 pH 4.0. larga aignal appaarad on tha scopa proving that tha COi gu producad by 

40 a bdH tea bon of NHtCO> ia i n daa d hypara ch ogani c 

For d am utaual i un that tha ammonium gradtont in ipoaom aa can ba usad to g9rmwm COi gu which 
can ba monrtorad by an utraaound proba. SPLV wara prapwad u daacrtbad Exmpia 1 uaing 80 mg 
EPC and 20 mg choiaatarol. Tha apids war« dtttofvad in dtothyl ^iTm, 0 J ml of 0.12 moi NH4HCO3 wu 
addad. Al othar stapa wara idanttcai to Ihoaa daacribad abova. Allar aihar avaporabon undar continuous 

4S irradiatton. tha pasia wu diaparaad in 1 ml 0.12 M ^M4HC09. ConM SPIV wara prapvad uaing idantKuJ 
co ndWo na axeapt NHaHCOs wu raptacad by NaO (Q.IS M) ao no ammonium gradiant could ba formad. 1 
ml ol ma Ipoaoma diaparsion wu piacad in a dialyaia bag. Tha Oeuacon proba wu attachad to tha dialysis 
bag and botfi logathar wara ir^oduead into a baakar containing aithar NH4HCO1 (0.12 M) or NaO (0.15 M). 
Four dNIarant combinations daschbad m TaMa 8 wara laatad. 

so Tha fMng that onty Ipoaomu contMng NH4HCO1 whan dWyxad agM NaO in tha baakar giva a 
signai shows that M signal is dapandam on tha NH** gradtont Tha signal cominuad for an axtandad 
pariod of aavarai houra. Thia may ba a raault of aithar tha flow lomiulatton or s^ 
CO.. 

FaasibiSty of M on ha ncamant of uttraaound imaging wu damo nstiaiad m mica. SALB/c mica 27 g 
SI wara a natthat ix ad by pantobarbital. Than 0.S ml of SPLV contMng NKHOC« wu administarad intra- 
vanoualy into tha tail vain. Tha viaeara of tha mica wu mo nit ora d by tha uffraaound proba and sonogram 
davaiopad. Tha Mack spots obaarvad on tha sonograms wara indlcationa of tha hyparachoganicity of tha 
vnmontum graoiant ipninmai. 
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TABLE 1 


Liposomt Ch«r«ct»hztfion 

Uposom« 

Cornposibon 

MMn' 

Volumt 

Upid/Dox.* 

intidt fiposomM 

<moi«/mot«) 

(nm) 


(mol«/mo««) 

(mM) 

OPPC/Cho* 

(2/1) 

323.U153.9 

2.7 

3.1 

119 

Egg.PC/Choi 
(2/1) 

2U.5£86i) 

1.5 

5.8 

115 


' t sandvd deviation 

* Rttio of phospholipid to doxorvibian after loading to oquitibnufn (mol«/mol«) «nd 
mmovaJ of frM drug by Oow«x. 
CalcuUfd eoncomntion of doxorubicin insido tho vosiclos. 


TABLE 2 


Tho Chango in tho O0«ie/00ito Actio as Function o< Doxofubicin 




Conoantratton 

00470/ 


(M) 

OOlio- 

Doxorutwn toK/tton 

M10-* 

5.15 


MKT* 

3.44 


MKT* 

2J6 

Doxorubicin tn OPPC/Chot Npoaomt* 

1.19 X ^tr' 

1M 


* • Tha rstio of a faaorb w at 470 nm to a b ao rto a nc* at 560 nm. 


* « Calcutatad aa daacribod in TflWa 1. 


TABLE 3 


8a«f*0uanching of Ooaorubidn PkiOrMConco' 


Oonconnten 

QuancMng 



(%) 

knaoMon' 

3.4.10-* 

16 



29 


1.7.10-* 

33 

mOPPCOO-OLV 

1.19 KlO-* 

f7a3 

feiaggPCOOLOLV 

1,18 xlOr^ 

•494 


* PkiOTMcanc* amission waa eorractad lor M innar fiftar 9fl9CL Tha SDV ^ 
% quanching of dOMorubidn in IpoaocTM may ba fauaad to Ita stow laatc^ 
from iha Ipoaomas to tfia axtamai madk^. 
OLV • ara tfia ottgo ia mauy Ipoaomas. 
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TABlf 4 

Ttap«raturt Ltakagt ritt"* Entity of Activa- 

tion* 

(•C) t ca1.«l,-l 


OPPC/CHOL 

24 

0.034 

12.3 


49 

0.20 

^99 K/aiOL 

22 

0.13 

9.8 


49 

0.S3 


• Efttrgy of activation of the Itakagt process Is calculated froa the 
two te^rature points essuafng equal doxorubicin concentration in 
the two preparations as seen in Table I, thus using the rate directly 
in the Arrhenius equation. 


Leakaqe rate represent % of total trapped doxorubicin ti«es 
■inutes ^. 

••• Energy of activation is expressed in ICca1.«ole*^ 
•2.303 R (Log rate. - Log rate.) 


TABIDS 


MLVtype 

OXIVPL 

%Maoeat 



4oCinl00hre 




MtV 

0^ t 0J07 

2U 

FTMLV 

0.43 s QM 

19.6 

SPUV 

OJI t 0.11 

18.7 


TABU € 

Buk«r\Lipo«OM NaCl HR^BCO^ 
eont«nt\eont«nt ^ 

NmCl Hfi signal Strong signal for 

ttora than 30 minutas 
(KH^}BC03 Ua signal Hfi signal 


lipOSOM 

Cosposi- 
tion 
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Oalm* 


1. A lymm lor kMding an amphioMtic we^^ into Kposomat compnamg a termatwn o» «PO«'2! 
tutpwttion in M pr«s«<c* o» ammoniwn compound or ammonium sait wn«*n said tuspwwon .s dlluwd 

a wrth buffar or lalt to previda an inaida to outaida ammonium gradiant batw»an .ntamal aqu«>u. '^•'^'^ 
aquaous phaaaa and a pH gradiant wftarain tna inaida pH of tha lipoaomaa a mora acMlic than tM outsMJa 

2. Vm ayatam of CJaim i wtiarain tha ammonium compound ia ammonium auttita. ammonium 
hydroada. ammonium bicarponata or ammonium carbonaia. ^«««-,hiein 

,fl 3 Tha ayaiam of Oaim 2 wfiarain tha ampNphailc moiacula » do«ofut>wn. daunorubmn. 
chloroquinon.. propr««lol. pa«t«nidina. apiru«>icin. caicinomyein. 

SoS-mydn. N..e«yldau«HT.ycin.; aU anthracyttna d»ga. daunory«n..- P«*'«~«J«^^ 
SSTtatracaina. procaina. cWorpremazina. vinblaatina. vincrttdna: mitomycm C. pUocarpina, P^y»«»»- 
■ «^naoaltamina. ehfcwquJna. amodlaquina. cfikwouanida. pr«naquina. maftaquma. qu««na. pndinol. 

bmttvl Dfomathawia. dopamina. aarotonin. apinaphrtna. codaioa. maparWina. mathadona. morph^na, 
"^'.S^^^rJ^. propanthauna. Imipr^runa. «n»,hp,y«na. de«pin. 
f!^S!!^Mr^o^. cMmrM. pn>math.rt>a. parphar-^na. acndina oranga. proataglandin. 

""TSlJiSlTSSrri^ inaxch^^aa 

Soandam on »a rafio of outaida to inaida anwwoHjm aulla» 

^Tiiwthod for afflci«« loading of ampliiphaticmoiaculaa into Ipoaomaacomp^ 

fa\ inimntm of iieeaomai auaeanaion in tha piaianca tt ammenun auMtta; 

««„J'.SS?^Srol«*-naionof«^(«w«.«-t.btoa«l^ 

c)lo««ngtt»dap«ton««lamphiph«lcdni9(rom,haout*datothai^^ 
e. WmaiLj of oaim S wftawin tha 
X tor tha amrnonium afflux according to anwnoniumgratfafrt. ^^^^ ^ j^o 

T. A iuapanaion of Ipeaomaa and ammoown satt ««ttt»a for loadng ^^^^^^^J^J^ 
ipoaomaa by providUtg an ammonium gradl^^t from «^ 

oMha ipoaomaa by diluting or ramoving ammomum from 9» artamal aquaMa "T*" 

* "^ilSSnaaoma. for loading ofarnp.^^ 

Bf«Jlam oaatad by dlMton or r.mo«l 01 ammonium in tha ipoaomaa «panaj^ 

BA of ipoaomaa and ammonium aalt auitabia for raiaaaa of an amphiphattc dmgjrom 

IpoinLToSnO from an mtama) aquaoua phaaa to axtamal aqu««. phaaa oftha 


^ni««nium lpoaom« iuit^la lor ganaraiing cart»n 
B anhw* hyparachooanldly of u»»und imaotng. 
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FIG. 3 
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Fig. 5. 
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